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INTRODUCTION 


Emergence  tipburn,  a  needle  blight  of  eastern  white  pine,  Pinus 
strobus  L.  ,  has  occurred  from  time  to  time  throughout  the  normal  range 
of  that  species.    This  blight,  also  called  white  pine  blight  and  white  pine 
needle  dieback,  is  characterized  by  a  dying  of  the  tips  of  the  new  elongat- 
ing needles  in  June  or  July.    Although  absolute  proof  is  not  yet  available, 
it  now  appears  that  the  causal  factor  is  atmospheric  and  environmental  in 
nature.    This  paper  presents  the  results  of  some  of  the  investigations  of 
the  disease  and  some  new  evidence  that  naturally  occurring  ozone  is  a 
likely  causal  agent. 

The  disease  was  first  described  by  Dana  in  1908  (_2)  and  again  by 
Spaulding  in  1909  (1_2).    Faull  (3)  determined  that  most  of  the  absorbing 
roots  of  diseased  trees  were  dead,  but  he  was  unable  to  determine  the 
cause  of  root  mortality.    He  also  gave  evidence  that  the  disease  was  non- 
communicable,  when  he  failed  to  induce  the  disease  in  healthy  branches  by 
"fusing"  them  to  diseased  branches  of  affected  trees. 

Toole  (1_4)  was  unable  to  prevent  the  occurrence  of  needle  blight  by 
weekly  applications  of  fungicide  from  the  time  new  growth  started  until 
symptoms  of  the  blight  appeared  in  June.    He  was  also  unable  to  induce  the 
disease  by  inoculations  with  needle  fungi  found  associated  with  diseased  trees. 

Linzon  (_9)  presented  an  excellent  description  of  the  development  of  the 
foliar  symptoms,  which  he  observed  to  be  initiated  on  sunny  days  that  imme- 
diately followed  one  or  more  days  of  wet  weather.  Linzon  also  reported  on 
unpublished  experiments  of  A.  J.  Riker  and  B.  W.  Dance,  who  found  that 
needle-blighted  scions  grafted  to  healthy  stocks  exhibited  foliar  symptoms 
annually  thereafter,  while  the  healthy  stocks  remained  unaffected.  Linzon 
concluded  that  the  disease  is  nonparasitic  in  etiology. 

Hepting  and  Berry  (_8)  listed  and  differentiated  the  various  needle  dis- 
eases that  occur  on  white  pine  in  the  southern  Appalachians.  These  diseases 
include:   emergence  tipburn;  brown  spot,    caused  by  the  fungus  Scirrhia 
acicola;  another  fungus  disease  caused  by  Bifusella  linearis  which  affects 
only  1-  and  2-year-old  needles;  and  what  may  be  acute  and  chronic  effects 
of  air  pollution.    Renewed  interest  in  emergence  tipburn  has  occurred  as  a 
result  of  the  confusion  of  symptoms  of  this  disease  with  those  possibly 
caused  by  air  pollution,  since  white  pine  appears  sensitive  to  both. 


Measurements  of  oxidant  have  been  made  in  unpolluted  air  by  Harrison 
and  Lodge  (6).    They  recorded  peaks  as  high  as  38  p.p.h.m.  (parts  per  hun- 
dred million)  and  found  that  on  more  than  half  of  the  days  in  question  oxidant 
values  remained  at  half  the  daily  maximum  or  above  for  periods  of  time 
greater  than  16  hours.     Heggestad  and  Middleton  (7_)  recorded  a  maximum 
concentration  of  ozone  of  38  p.p.h.m.  in  registrations  at  Beltsville,  Mary- 
land,   in  1958.     On  the  day  that  this  maximum  occurred,  concentrations 
ranged  above  20  p.p.h.m.  continuously  for  3.3  hours. 

INVESTIGATIONS 

The  investigations  reported  here  include  (1)  studies  of  the  root  condi- 
tion and  the  root  fungus  flora  of  diseased  and  healthy  trees,  (2)  the  effects  of 
moving  trees  from  a  chronic  tipburn  area  to  an  area  seldom  affected,   (3)  the 
effects  of  grafting  diseased  scions  to  healthy  trees  and  vice  versa,  and  (4) 
experiments  and  observations  dealing  specifically  with  ozone  as  a  likely 
cause  of  emergence  tipburn. 

Root  Aspects 

In  an  attempt  to  determine  the  relation  of  root  condition  and  root  fungi 
to  emergence  tipburn,  an  examination  of  the  roots  of  some  diseased  and 
healthy  trees  was  carried  out  by  two  methods.    In  one  method,  carried  out 
during  the  summer  months,  primary  roots  were  traced  as  far  toward  the 
ends  as  possible  in  order  to  determine  whether  any  root  dieback  had  oc- 
curred.   Next,  in  an  investigation  carried  out  during  the  winter,  a  block  of 
soil  known  to  contain  feeder  roots  of  the  tree  being  examined  was  taken  to 
the  laboratory,  where  living  and  dead  feeder  roots  were  removed  and  exam- 
ined.   In  this  manner,  root  samples  from  10  diseased  and  10  healthy  trees 
were  examined.    The  trees  selected  for  examination  were  growing  in  the 
Marlinton,  West  Virginia,  area,  where  emergence  tipburn  is  known  to  have 
been  prevalent  for  the  past  several  years. 

Most  roots  could  be  followed  to  a  diameter  of  approximately  0.06  inch 
before  breaking  from  extraction.  Seventy-two  percent  of  the  primary  roots 
of  diseased  trees  had  dead  ends,  while  only  28  percent  of  the  primary  roots 
of  healthy  trees  had  dead  ends.    Living  extender  tips  were  found  on  57  per- 
cent of  the  primary  roots  of  healthy  trees,  but  only  on  18  percent  of  the  roots 
of  diseased  trees  (table  1). 

Sampling  in  two  areas  showed  almost  twice  as  high  a  percentage  of 
feeder  roots  alive  on  healthy  trees  as  on  diseased  trees  (table  2). 

Concurrent  with  the  root  examinations,  several  hundred  fungus  isola- 
tions were  made.  Primary  isolations  were  made  by  placing  surface-sterilized 
root  pieces  on  water  agar  alone  and  on  water  agar  containing  Rose  Bengal. 
Surface  sterilization  was  accomplished  by  a  brief  dip  in  3-percent  hydrogen 
peroxide,  or  by  washing  overnight  in  running  tap  water.  Attempts  were  made 
to  isolate  Phytophthora  spp.  from  the  rhizospheres  of  blighted  and  healthy 
trees  by  means  of  the  Tucker  apple  technique  as  modified  by  Campbell  (1). 


-  2  - 


Attempts  to  isolate  Pythium  spp.  from  the  rhizospheres  were  carried  out  by 
means  of  the  technique  described  by  Sleeth(l_l).  Twenty-seven  fungus  genera 
were  identified  (table  3).  None  of  the  isolates  was  a  recognized  root  pathogen 
and  none  was  associated  only  with  diseased  trees. 


Table  1.  - -Mortality  of  primary  roots  on  needle-tipburned  and  healthy  white  pines 


Observation 


Healthy  trees 


Diseased  trees 


Number     Percent     Number  Percent 


Trees  examined 
Roots  examined 

Roots  found  with  living  extender  tips 
Living  extender  tips  found 

Roots  with  dead  distal  portions  up  to  0.12  inch  in  diameter 
Roots  with  dead  distal  portions  0.12  to  0.25  inch  in  diameter 
Total  roots  with  dead  distal  portions 


7 
7 
4 
10 
2 
0 
2 


57 


11 

2 
3 
4 
4 


18 


28 


72 


Table  2.  - -Mortality  of  feeder  root  tips  on  Table  3. --Fungi  isolated  from  roots  of  needle-tipburned 

blighted  and  healthy  white  pines  1/  and  healthy  white  pines 


Area 

Number  of 
trees  and 

Root  tips 

1. 

Trichoderma  sp. 

16. 

Didymostilbe  sp. 

condition 

Examined 

Living 

2. 

Penicillium  spp. 

17. 

Helicostylum  sp. 

Number 

Pe  rcent 

3. 

4. 

Spicaria  sp. 
Cephalosporium  sp. 

18. 
19. 

Absidia  sp. 

Piptocephalis  xenophila 

1 

5  Healthy 

75 

61 

5. 

Cladosporium  sp. 

20. 

Aspergillus  niger 

1 

5  Diseased 

52 

31 

6. 

Mucor  sp. 

21. 

Aspergillus  spp. 

2 

5  Healthy 

67 

51 

7. 

Mucor  ramannianus 

22. 

Hormiscium  sp. 

2 

5  Diseased 

95 

33 

8. 

Gliocladium  sp. 

23. 

Alternaria  sp. 

1/  The  number  of  root  tips  examined  in 

9. 

Cunninghamella  sp. 

24. 

Mycotypha  microspora 

each  category  is  the 

sum  of  root  tips  found 

10. 

Mortierella  pusilla 

25. 

Geotrichum  sp. 

on  one 

root  from  each  of  five  trees. 

11. 

Mortierella  vinacea 

26. 

Helminthosporium  sp. 

12. 

Zygorhynchus  sp. 

27. 

Leptographium  sp. 

13. 

Arthrobotrys  sp. 

28. 

Fusarium  sp. 

14. 

Chaetomium  globosum 

29. 

Pestalotia  sp. 

15. 

Sporotrichum  sp. 

30. 

Pullularia  pullulans 

Transplanting 

A  transplanting  experiment  was  carried  out  in  December  1958  to  deter- 
mine whether  diseased  trees  would  recover  when  moved  to  an  area  of  low 
disease  incidence,  and  to  check  on  earlier  observations  to  the  effect  that 
transplanting  alone  appeared  to  reduce  tipburn  at  least  the  following  year. 
All  seedlings  used  were  susceptible  as  shown  by  typical  tipburn  symptoms  on 
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1958  needles.    Seedlings  were  obtained  near  Marlinton,  West  Virginia,  and 
were  transplanted  as  follows:   One  group  was  moved  225  miles  south  to  an 
area  near  Asheville,  North  Carolina,  where  the  disease  had  not  been  noted 
in  recent  years;  one  group  was  moved  20  miles  south  to  a  new  location  in  the 
same  general  West  Virginia  area;  a  third  group  was  dug  up  and  immediately 
replaced  in  the  same  hole.    Check  trees  were  left  undisturbed. 

A  total  of  44  blighted  trees  were  used  in  the  transplanting  experiment, 
41  of  which  have  survived  (table  4).  During  the  first  summer  following  trans- 
planting, only  25  percent  of  the  trees  that  were  either  dug  up  and  replanted  in 
the  same  spot,  or  transplanted  a  short  distance  away,  were  blighted.  This 
apparent  resistance  lasted  only  one  season,  however,  since  during  the  second 
season  all  of  the  trees  that  had  been  dug  up  and  replanted  in  the  same  spot 
were  again  blighted,  and  60  percent  of  the  trees  moved  only  a  short  distance 
were  blighted.  Of  the  trees  moved  to  North  Carolina,  72  percent  were  blighted 
during  the  first  year  following  transplanting  when  a  mild  attack  of  emergence 
tipburn  occurred  there,  but  none  was  blighted  the  second  year.    Blight  on  the 
undisturbed  checks  recurred  both  years  of  the  experiment.  These  results  in- 
dicated a  persistent  condition  in  the  West  Virginia  area,  conducive  to  tipburn 
and  not  apparently  related  to  a  pathogen  or  to  soil  or  soil  moisture. 


Table  4.  --Transplanting  of  needle-tipburned  trees 


Treatment 

Number  of  trees  with  needle  tipburn 

Trees 
treated 

Before 
transplanting, 
1958 

1  year  after 
transplanting, 
1959 

2  years  after 
transplanting, 
1960 

Number  ------- 

Checks,  undisturbed 

10 

10 

10 

10 

Checks,  dug  up  but  replanted 
in  same  spot 

10 

10 

4 

10 

Transplanted,  20  miles  south 
of  origin 

10 

10 

1 

6 

Transplanted,  225  miles 

southwest  to  North  Carolina 

11 

11 

8 

0 

Grafting 

In  order  to  investigate  the  possibility  that  a  virus  might  be  the  causal 
agent,  and  to  attempt  to  localize  the  pathology  of  emergence  tipburn,  a  series 
of  grafts  was  made  during  the  spring  of  1958.  In  this  experiment,  all  combi- 
nations of  diseased  and  healthy  scions  were  joined  by  means  of  side  cleft 
grafts  to  diseased  and  healthy  stocks. 

Results  of  the  grafting  experiment  show  that  most  scions  taken  from 
healthy  trees  continue  to  be  healthy  even  when  grafted  to  diseased  trees,  and 
most  scions  taken  from  diseased  trees  continue  to  be  diseased  each  year  fol- 
lowing grafting,  regardless  of  the  condition  of  the  root  stock  (table  5).  None 
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of  the  root  stocks  appeared  affected  by  the  scions  grafted  to  them,  indicating 
that  a  virus  is  not  likely  to  be  involved.  Of  the  70  grafts  made,  44  have  sur- 
vived.    Forty,    or  91  percent,    of  those  surviving  have  persisted  in  their 
original  condition.  Thus  emergence  tipburn  seems  related  little  if  any  to  the 
condition  of  the  stock. 


Table  5.  - -Summary  of  results  of  grafting  experiment 


Tree 

Type  of  graft 

Grafts 

Grafts 

Persistence  of  surviving  grafts-!/ 

numbe  r 

made 

surviving 

1959 

1960 

Number 

Numbe  r 

Number 

Pe  rcent 

Number  Percent 

7 

Diseased  scion, 

healthy  stock 

15 

9 

6 

66 

8 

89 

8 

Diseased  scion, 

healthy  stock 

10 

7 

4 

57 

6 

86 

9 

Healthy  scion, 

diseased  stock 

10 

7 

6 

86 

6 

86 

10 

Healthy  scion, 

diseased  stock 

15 

5 

5 

100 

5 

100 

11 

Diseased  scion, 

diseased  stock 

10 

6 

6 

100 

5 

83 

12 

Healthy  scion, 

healthy  stock 

10 

10 

10 

100 

10 

100 

Total 

70 

44 

37 

84 

40 

91 

Jj  Persistence  refers  to  the  characteristic  of  retaining  the  condition  of  tipburned  or  healthy  that  a 
scion  possessed  when  grafted. 


Atmospheric  Aspects 

For  reasons  brought  out  in  the  discussion,  the  cause  of  emergence  tip- 
burn  has  recently  been  considered  to  be  atmospheric  and  gaseous  in  nature. 
Naturally  occurring  ozone  seemed  a  likely  causal  agent. 

A  preliminary  test  of  the  hypothesis  that  ozone  might  be  the  cause  of 
emergence  tipburn  was  made  by  artificially  ozonating  several  grafted  ramets. 
Ozone  for  this  test  was  generated  by  three  General  Electric  G4S11  bulbs  and 
recirculated  by  means  of  a  small  electric  blower  in  a  closed  plastic  bag. 
Ramets  for  the  experiment  were  obtained  by  grafting  scion  material  from  a 
single  field-susceptible  tree  and  a  single  resistant  tree  to  random  nursery- 
grown  seedlings.    Several  of  these  plants  were  exposed  for  2-hour  periods 
in  the  plastic  bag,  where  ozone  concentrations  remained  at  about  10  p.p.h.m. 
Ozone  concentrations  were  determined  by  means  of  the  Mast  Ozone  Recorder 
with  the  air  sample  tube  inserted  into  the  bag. 

Typical  emergence  tipburn  symptoms  began  to  appear  about  48  hours 
following  ozonation  of  the  graft  ramets  taken  from  field-susceptible  trees. 
Symptom  development  closely  followed  Linzon's  description  (9),  starting  with 
pink  spots  on  one  or  both  of  the  stomata-bearing  faces  some  distance  back 
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from  the  tip  of  the  needle.  The  spots  soon  enlarged  into  pink  bands  and  a 
gradual  dying  of  the  distal  part  of  the  needle  followed,  with  the  dead  part 
sharply  distinct  from  the  green  base.  The  dead  tips  were  at  first  pinkish 
yellow,  but  after  several  days  the  color  deepened  to  a  brownish  red.  Re- 
sistant ramets  were  not  affected  by  the  ozonations. 

DISCUSSION 

It  is  not  unusual  for  the  branches  and  roots  of  eastern  white  pine  trees 
affected  with  emergence  tipburn  to  be  intermingled  with  those  of  unaffected 
trees.  Many  trees  under  observation  have  never  been  tipburned,  regardless 
of  the  severity  of  attack  on  neighbors.  The  response  of  trees  to  the  factors 
causing  tipburn  appears  clearly  genetic,  as  suggested  by  Linzon  (£).  Vary- 
ing degrees  of  tipburn  injury  among  susceptible  trees  indicate  that  several 
genetic  factors  may  be  involved. 

The  failure  to  implicate  a  root  pathogen  and  the  tendency  of  conifers  to 
suffer  root  dieback  following  loss  of  foliage  strongly  suggest  that  the  root 
mortality  observed  occurs  as  a  result  of  foliage  injury.   This  has  been  shown 
for  other  species  following  insect  defoliation,  by  Graham  (_5),  Redmond  (10), 
and  Stillwell  (13). 

The  persistence  of  healthy  scions  in  remaining  healthy  when  grafted  to 
a  diseased  root  stock  and  the  persistence  of  diseased  scions  in  remaining 
diseased  when  grafted  to  a  healthy  root  stock  support  the  hypothesis  that  the 
causal  factor  of  this  tipburn  is  atmospheric. 

The  results  of  the  transplanting  experiment  also  indicate  an  atmos- 
pheric causal  factor,  since  trees  transplanted  a  short  distance,  and  unmoved 
trees  in  West  Virginia,  were  diseased  in  1960,  the  second  season  following 
transplanting,  while  trees  balled  with  their  soil  and  transplanted  225  miles 
southwest  to  North  Carolina  were  free  of  tipburn.    If  a  pathogen  were  in  the 
soil  or  on  the  roots,  it  would  hardly  have  been  destroyed  by  transplanting, 
especially  since  8  of  the  11  trees  brought  to  Asheville,  North  Carolina,  were 
diseased  the  first  year  following  transplanting  when  a  mild  attack  of  emer- 
gence tipburn  occurred  there.    Climate  conditions  vary  greatly  between  the 
two  areas,  and  severe  attacks  of  the  disease  at  Asheville  are  rare. 

The  apparent  resistance  sometimes  shown  by  some  susceptible  seed- 
lings during  the  first  season  following  transplanting  is  not  understood.  Only 
4  of  the  10  trees  that  were  dug  up  and  immediately  replanted  in  the  same  spot 
were  blighted  during  the  first  year  following  treatment,  yet  all  10  of  the  un- 
disturbed check  trees  were  blighted. 

Since  typical  symptoms  can  be  produced  artificially  by  ozone  at  con- 
centrations well  below  those  known  to  occur  often  in  unpolluted  air,  ozone 
could  be  a  principal  cause  of  emergence  tipburn.    It  is  also  significant  that 
ramets  produced  with  scion  material  from  trees  resistant  to  emergence  tip- 
burn  were  resistant  to  artificially  produced  ozone. 
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An  unusually  high  incidence  of  emergence  tipburn  attacks  occurred 
during  1961  in  western  North  Carolina  and  surrounding  states.    A  record 
number  of  inquiries  about  this  condition  were  received  at  the  Southeastern 
Forest  Experiment  Station  starting  June  22.    The  fact  that  this  high  inci- 
dence of  tipburn  occurred  at  the  same  time  as  a  very  high  incidence  of 
weather  fleck  of  tobacco  was  recorded  by  North  Carolina  State  College, 
taken  with  the  ozonation  results,  suggests  that  the  two  diseases  might  be 
caused  by  the  same  or  related  factors.  Ozone  has  been  considered  a  prob- 
able cause  of  weather  fleck  since  the  work  by  Heggestad  and  Middle  ton  (_7). 

Gotz  (4)  states  that  annual  average  amounts  of  total  ozone  increase 
from  0.17  cm.  at  the  equator  to  an  "ozone  belt"  of  0.26  cm.  at  latitude 
60°  N.    This  suggests  that  higher  concentrations  of  surface  ozone  would 
occur  in  the  more  northerly  latitudes.  The  disease  also  seems  more  prev- 
alent and  more  damaging  in  the  northerly  latitudes,  being  very  common  in 
the  northeastern  United  States  and  Canada,  and  rare  on  white  pine  in  Georgia. 

Linzon's  descriptions  of  the  weather  conditions  before  and  during  peri- 
ods when  he  noted  the  initiation  of  disease  symptoms  indicate  that  a  cold 
front  had  passed  through  the  area  just  before  disease  symptoms  appeared. 
Gotz  (_4)  relates  high  ozone  to  cold  fronts  in  a  manner  consistent  with 
Linzon's  weather  observations  as  related  to  tipburn. 

SUMMARY 

Emergence  tipburn,  a  needle  blight  of  eastern  white  pine  (Pinus 
strobus  L.  ),  attacks  young  developing  needles  in  early  summer.  Evidence 
indicating  that  the  cause  of  emergence  tipburn  is  atmospheric  and  environ- 
mental in  nature  is  presented,  and  ozone  is  suggested  as  a  likely  causal 
agent.    Root  mortality  is  greater  on  diseased  than  healthy  trees,  but  this 
is  regarded  as  a  result  of  the  loss  of  foliage.    Many  fungi  were  isolated 
from  the  roots,  but  none  was  associated  consistently  with  the  disease  and 
none  was  a  recognized  root  pathogen.    Diseased  trees  transplanted  to  an 
area  of  less  disease  severity  were  thereafter  affected  less  than  checks  left 
in  the  area  where  the  trees  were  obtained.    Diseased  and  healthy  scions 
were  grafted  to  diseased  and  healthy  stocks.    Ninety-one  percent  of  the 
surviving  scions  persisted  in  their  original  condition  regardless  of  the 
condition  of  the  trees  they  were  grafted  to.    Typical  disease  symptoms 
were  produced  on  susceptible  ramets  by  artificially  ozonating  the  plants 
at  10  p.p.h.m.  for  2  hours.    Ramets  from  a  tree  unaffected  in  the  field 
were  unaffected  by  the  same  treatment.    Abnormally  high  incidence  of 
emergence  tipburn  and  tobacco  weather  fleck  occurred  in  early  summer 
in  North  Carolina  in  1961,  suggesting  the  two  diseases  are  caused  by  the 
same  or  related  factors. 
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